A field experiment was conducted to investigate the efficiency of poultry manure enriched with oil palm refuse bunch ash (OPRBA) on the growth and yield of sweet potato in a low fertile soil. The experiment was laid out in a randomized complete block design with three replications. The treatments involved five rates (0, 2, 4, 6 and 8 t ha -1 ) of oil palm refuse bunch ash (OPRBA) in the first year of the experiment. In the second year, the treatments were 0, 4, 6, 8 and 10 t ha -1 of OPRBA. All plots were treated with a basal application of 15 t ha -1 of poultry manure. Data were collected on vine length (cm), number of branches, number of nodes, number of leaves, leaf area index (LAI) and total dry weight (g m -2 ) at 8 weeks after planting. Data on yield components were collected on tuber length (cm), tuber girth (cm), number of tubers, tuber size (kg), tuber weight (kg) and tuber yield (t ha -1 ). The results showed that vine length, number of branches, number of nodes, number of leaves and leaf area index and total dry weight increased significantly (p < 0.05) while increasing the rate of OPRBA. The highest tuber yield (50.22 t ha -1 ) was recorded for plants treated with 6 t ha -1 of OPRBA in 2016. In 2017, plants treated with 6, 8 and 10 t ha -1 OPRBA had the highest tuber yield (29.10, 30.00 and 32.00 t ha -1 , respectively). Tuber yield correlated significantly (p < 0.05) and positively with total dry weight (r = 0.748), LAI (r = 0.938), number of branches (r = 0.679), number of leaves (r = 0.879), number of nodes (r = 0.440), number of tubers (r = 0.561), tuber girth (r = 0.751), tuber length (r = 0.864), tuber size (r = 0.952) and vine length (r = 0.940). It is therefore suggested that poultry manure at the rate of 15 t ha -1 should be enriched with OPRBA at the rate of 6 t ha -1 for optimum production of sweet potato.
Introduction
Sweet potato (Ipomoea batatas (L.) is one of the major crops contributing to the world's food security (Karam et al., 2009 ). The crop is used for food, feed and industrial products (alcohol, starch, noodles, candy, deserts and flours).
Despite the economic importance of this crop, the yield obtained in Nigeria is far below its genetic potential due to soil degradation, erosion, acidification, and loss of organic matter, waterlogging and salinization (FAO, 2008) . Sweet potato, like any other root crop, is a heavy feeder exploiting greater volume of soil for nutrient and water. Amede et al. (2006) submitted that most soils in southern Nigeria are acidic due to the nature of parent materials, leaching and intense weathering. In addition, high acidity induces nutrient deficiency.
Farmers make use of inorganic fertilizers in order to increase yield. Continuous use of these agrochemicals has been found to increase yield for some years, but on the longrun, it leads to decreasing base saturation and soil physical degradation (Isherwood, 2008) . Nyakatawa et al. (2001) suggested that it is possible to increase yield of sweet potato crop on degraded soil by using organic resources such as plants and animal wastes for soil fertility improvement. However, some animal wastes, such as poultry manure, are low in potassium and phosphorus.
Oil palm refuse bunch ash (OPRBA) is rich in potassium and phosphorus, but low in nitrogen. Using poultry manure alone without supplementing it with other nutrient sources for the adequate provision of potassium and phosphorus will not make the crop to reach its full potential in terms of yield. Therefore, it is important to ascertain how poultry manure affects the growth and tuber yield of sweet potato when enriched with OPRBA. This will provide a well-balanced nutrient base for the crop and reduce farmers' dependence on the use of inorganic fertilizer.
Experimental design and treatments
The experiment was laid out in a randomized complete block design with three replications. The treatments involved five rates (0, 2, 4, 6 and 8 t ha -1 ) of OPRBA in 2016. In 2017, the treatments were 0, 4, 6, 8 and 10 t ha -1 of OPRBA. Each plot measured 2 x 3 m with a spacing of 0.50 m between plots and 1.00 m between blocks.
Cultural practices
Sweet potato tubers were planted in a nursery bed on 19 August, 2016 and repeated on the same period in 2017. For both nursery and field, cured poultry manure was incorporated into the soil at a rate of 15 t ha -1 four weeks prior to planting and the soil was mulched with dry grasses.
At planting, vines of 40 cm length with four nodes were collected from the apical meristem and planted at a spacing of 1 m between ridges and 0.30 m within rows, during the early hours of the day, using a sharp knife. The vines were planted at an angle of 45° and a planting depth of 5 cm. The plots were irrigated immediately after planting. At planting, OPRBA was applied according to the treatment plan. Missing plots were supplied 8 days after planting. Weeding was done manually using hoes two weeks after planting and subsequently as was necessary. Harvesting was done at 18 weeks after planting when the leaves and vines have turned brown and dried up. Harvesting was done by removing the dried vines using cutlass and uprooting the tubers using spade and hoes.
Data collection
During the growing phase, data were taken on three plants randomly selected from the inner-row of each net plot for number of branches, vine length, number of nodes, number of leaves, leaf area index (LAI) and total dry weight at 8 weeks after planting. Sweet potato leaf area (LA) was estimated using Ogoke et al. (2003) formula as follows:
Hence, the present study was conducted to evaluate the growth and yield responses of sweet potato to poultry manure when enriched with different rates of OPRBA in a low fertile soil.
Materials and Methods

Experimental site
The study was conducted started in the late rainy season of 2016 and lasted until 2017, at the Experimental Farm of the Faculty of Agriculture, University of Benin, Benin City, Nigeria. The site is located within Latitude 6° 44′ N and Longitude 5° 40′ E in the humid rainforest at an elevation of 162 m. The area is characterized by a bimodal rainfall pattern with a long rainy season which commences in March and the short rainy season that extends from September to late October after a short dry spell in August. The dominant soil order in the studied area is ultisols developed from coastal plain sand.
Prior to field experimentation, composite soil sample was obtained from the experimental site and was analysed for its physical and chemical properties using standard laboratory procedures as outlined by Mylavarapus and Kennelley (2002) . The results of the soil analysis are given in Table 1 . The dominant weed species at the site were Guinea grass (Panicum maximum) and Mimosa spp.
Poultry manure and oil palm refuse bunch ash (OPRBA)
The poultry manure was obtained from under the battery cage of the layers' unit of the University commercial farm and cured under shade for four weeks. Oil palm refuse bunches were obtained from a palm oil mill factory at "Edaiken" Market, Uselu and burned to obtained the ash. Cured poultry manure and oil palm refuse bunch ash (OPRBA) were analyzed for their chemical composition as given in Table 1 . 409 From the leaf area, LAI was computed as shown: LAI = Leaf area/Land area (Remison, 1997) At harvest, data were collected on tuber length, tuber girth, number of tubers per plant, tuber size, tuber weight and tuber yield. Tuber weight was determined by weighing all harvested tubers within each net plot of 1 x 1 m in kg and divided by the number of plants within the net plot. Tuber yield was estimated thus:
Tuber yield = kg plant -1 /1,000.
Data analysis
Data collected were subjected to analysis of variance using Genstat statistic software. Significantly different treatment means were separated and compared using Fisher's least significant different (LSD) at 0.05 level of probability. Pearson's correlation coefficient was used to test for correlation among the variables assessed.
Results
Physical and chemical properties of soil prior to cropping and the chemical composition of poultry manure and OPRBA
The results of the pre-cropping soil properties of the experimental site and the chemical composition of poultry manure and OPRBA are presented in Table 1 . The soil was sandy loam in both years, with strongly acidic condition in 2016 and moderately acidic in 2017. Total nitrogen, available phosphorus, exchangeable calcium and magnesium were inadequate in both years of the experiment.
Poultry manure was neutral in 2016 and slightly acidic in 2017 with high organic carbon, adequate nitrogen, moderate C:N ratio, but low phosphorus and exchangeable cations. OPRBA was alkaline in both years. Organic carbon and total nitrogen were adequate in 2016, but low in 2017. Available phosphorus and exchangeable cations were high in both years.
Growth of sweet potato
The number of branches per plant varied significantly (p < 0.05) with the rates of OPRBA in 2016 and 2017 (Table  2 ). In 2016, number of branches per plant was similar when OPRBA was applied at rates of 4 and 8 t ha -1 . At these rates, number of branches was significantly (p < 0.05) higher than when OPRBA was applied at the rates of 0, 2 and 8 t ha -1 . In 2017, number of branches per plant was highest when OPRBA was applied at 6 and 8 t ha -1 .
Plants treated with OPRBA at 0 and 2 t ha -1 had the shortest vines in 2016, while plants treated with OPRBA at 8 t ha -1 had the longest vines (Table 2) . However, plants treated with 8 t ha -1 were not longer than plants treated with OPRBA rate of 6 t ha -1 . In 2017, only plants treated with OPRBA at 10 t ha -1 had vines significantly (p < 0.05) longer than those of non-OPRBA treated plants.
The highest number of nodes per plant was recorded for plants fertilized with OPRBA at 4 t ha -1 in 2016 (Table 2) . At this rate, number of nodes was not significantly (p > 0.05) higher than when OPRBA was applied at rates of 2 and 8 t ha -1 . In 2017, OPRBA rate of 4 t ha -1 produced the highest number of nodes (Table 2 ). In 2016, the highest number of leaves was observed in plants grown with OPRBA at 4-8 t ha -1 . However, in 2017, OPRBA rates of 6-10 t ha -1 had similar number of leaves, but significantly (p < 0.05) higher than when OPRBA was not applied.
LAI increased significantly with increased rate of OPRBA in both years (Table 3 ). The OPRBA rate of 8 t ha -1 had the highest LAI in 2016. In 2017, OPRBA rates of 4-10 t ha -1 had similar LAI, but significantly (p < 0.05) higher than when OPRBA was not applied. Total dry weight was significantly (p < 0.05) highest in plots fertilized with OPRBA at 8 t ha -1 in 2016. In 2017, only plants fertilized with OPRBA at 4 t ha -1 were significantly (p < 0.05) higher than when OPRBA was not applied.
Tuber yield and yield components of sweet potato
Tubers were the longest when OPRBA was applied at rates of 6 and 8 t ha -1 in 2016 (Table 4 ). In 2017, tubers were the longest when plants were fertilized with OPRBA at 10 t ha -1 , but were not different from when OPRBA was applied at 8 t ha -1 (Table 4 ). OPRBA rates of 4-8 t ha -1 had similar tuber girth, but significantly (p < 0.05) thicker than when plants were fertilized with OPRBA at 0 and 2 t ha -1 in 2016. In 2017, plants treated with 10 t ha -1 of OPRBA were only significantly thicker than OPRBA was not applied. The highest number of tubers per plants was recorded for plants treated with 6 t ha -1 of OPRBA which were however, not significantly higher than when OPRBA was applied at 8 t ha -1 in 2016. In 2017, OPRBA had no significant effect on the number of tubers per plant. Increases in the rates of OPRBA led to an increase in tuber size in both years of the experiment. However, OPRBA applied at rates of 6 and 8 t ha -1 resulted in similar tuber size, but significantly (p < 0.05) longer than other rates, including control, in both years. Tuber weight was highest when OPRBA was applied at 6 t ha -1 in 2016. In 2017, there were no significant differences in tuber weight when OPRBA was applied at rates of 6-10 t ha -1 . At these rates tuber weight was higher than when OPRBA was applied at 0 and 4 t ha -1 . The highest tuber yield was obtained when OPRBA was applied at rate of 6 t ha -1 in 2016. However, in 2017, tuber yield was similar when OPRBA was applied at rates of 6-10 t ha -1 , but was significantly higher than when OPRBA was applied at 0 and 4 t ha -1 .
Correlation coefficients among growth and yield variables in sweet of sweet potato
Correlation matrix of variables of sweet potato as influenced by different rates of OPRBA is presented in 411 Table 5 . It was observed that total dry weight had significant (p < 0.05) and positive relationship with the vine length, tuber yield, tuber weight per plant, tuber size, tuber length, number of nodes, number of leaves, number of branches and leaf area index. However, total dry weight relationship with tuber girth and number of tubers per plant were not significant (p > 0.05). LAI showed significant (p < 0.05) and positive correlation with all growth and yield variables.
Discussion
The soil of the studied site was acidic and low in nutrients, indicating a low fertile soil. This finding is in agreement with Awodun et al. (2007) who reported that most soils in the humid tropical forest regions are acidic due to high rainfall intensity and associated leaching of nutrients. The low soil pH of the studied site could also be related to the very high proportion of sand particles in relation to other particles in the area, which might have increased the level of leaching of the basic nutrient from the soil, thereby increasing the exchangeable acidity.
To attain the potential tuber yield, the plants need adequate nutrients since the crop is a heavy feeder (Fageria et al., 2011) . This necessitated the inclusion of fertilizer input in the study. Ali et al. (2009) reported that the application of fertilizer is one of the most important inputs for increasing the productivity of crops. Bationo et al. (2012) reported that larger yield can be achieved for a given quantity of fertilizer applied, or less fertilizer is required to achieve a particular yield target. In the present study, the application of poultry manure enriched the soil with organic carbon, total nitrogen and other nutrients. However, the manure was low in available phosphorus and exchangeable cations.
The addition of OPRBA improved the soil pH and enriched the soil with available phosphorus and exchangeable cations. The result is evidenced from the hereby analysis of OPRBA which showed a number of plant nutrients that would be made available to the plant through its application. The increase in the number of branches, nodes and leaves, vine length, LAI and total dry weight of the treated plants, indicate that the poultry manure enriched with OPRBA was beneficial to the plants and thus top the crop. Such observation is in line with the finding of Ezekiel et al. (2003) who reported the application of OPRBA lead to corresponding increase in number of leaves per plant, plant height and stem girth of cassava. Jonna (2017) reported significant increase in plant biomass as a result of wood ash application.
OPRBA treated plants exhibited longer vines, which is a precursor to higher number of leaves and LAI as these parameters are positively correlated. As a consequence, high amount of radiation is intercepted, contributing to an increase in tuber yield in relation to plants that did not receive OPRBA. This finding is in agreement with Law-Ogbomo and Remison (2007) who reported that tuber yield in yam is dependent on the amount, rate and duration of assimilates translocated to it.
The increase in sweet potato tuber yield was probably due to the release of nutrients from OPRBA to plants, which increased the tuber yield of the crop significantly (Ezekiel et al., 2003) . Ojeniyi et al. (2009) also reported high root yield following application of OPRBA. The high potassium content of the ash which was eventually released into the soil, enhanced translocation of assimilates into storage organ. The lower yield associated with plants not fertilized with OPRBA could probably be due to poor availability of exchangeable cations for the plants to be utilized. These plants had lower number of branches, lower number of leaves and lower number of nodes, lower LAI and lower total dry weight due to low nutrient content of the soil. This led to lower tuber yields when compared with plants that received OPRBA.
Conclusions
Poultry manure enriched with OPRBA improved the growth and yield of sweet potato. Tuber yield was maximized when OPRBA was applied at a rate of 6 t ha -1 in both years of the experiment. Based on these current findings, farmers should enrich poultry manure with oil palm refuse bunch ash at a rate of 6 t ha -1 for every 15 t ha -1 of poultry manure to increase the productivity of sweet potato in soils of low fertility status.
